Leptospirosis is a widespread zoonotic disease caused by infection with spirochetes belonging to the genus Leptospira. 11 Leptospirosis affects a variety of wild and domestic animal species as well as humans. From The route of infection in mammals is primarily by direct or indirect exposure to contaminated urine. Horses infected with Leptospira may develop several clinical syndromes, including recurrent uveitis and kidney failure, and in pregnant mares abortion, stillbirth, or premature foaling. 1 Recent research indicates that leptospirosis is one of the most important emerging causes of abortions in horses. 6 Studies conducted to date have identified Leptospira interrogans serovar pomona as a frequent cause of equine leptospirosis; spirochetes belonging to serovars grippotyphosa and sejroe were present less frequently. [3] [4] [5] This communication reports the identification of Leptospira kirschneri in tissues of a prematurely born foal. A 1-day-old Trakehner filly born 4-6 weeks prematurely was euthanatized after failing to respond to therapy with antibiotics, nonsteroidal anti-inflammatory drugs, intravenous fluids, and oxygen. The animal originated from an Indiana farm with a history of repeated equine abortions. Clinical signs included hypothermia, hypoventilation, anoxia, and coma. The foal and placenta were submitted to the Animal Disease Diagnostic Laboratory (ADDL) at Purdue University to determine the cause of premature birth and disease. Gross lesions included extensive atelectasis of the cranioventral lung lobes and multifocal epicardial petechiae. All other organs examined, including placenta, were grossly unremarkable. Microscopically, there was a mild lymphocytic nephritis in the kidneys as well as pulmonary atelectasis associated with scattered intra-alveolar squamous cells and neutrophils, consistent with aspiration of amniotic fluid due most likely to fetal stress. No specific cause of premature foaling was determined based on gross and microscopic findings. Equine herpesvirus-1 was not detected in lung and liver by direct fluorescent antibody test and virus isolation. No bacterial growth was observed in aerobic and anaerobic cultures from samples of placenta, brain, liver, and kidney collected at necropsy. ␤-Hemolytic Escherichia coli were cultured from the lungs and stomach contents. However, this bacterium was not considered as the main cause for the premature birth because ␤-hemolytic E. coli was not cultured from other tissues samples and gross or microscopic lesions corresponding to hemolytic E. coli infection were not detected in any of the other tissue samples.
Fluorescent antibody testing on frozen sections of lung and kidney was positive for Leptospira antigen. Warthin-Starry silver stain for spirochetes on sections of kidney was inconclusive, but immunohistochemistry using a polyclonal antibody that cross-reacts with all pathogenic leptospira demonstrated the presence of leptospiral organisms within the lumen of renal tubules as well as admixed with small lymphocytic aggregates that were scattered throughout the interstitium. In addition, a portion of frozen kidney was submitted to another state diagnostic laboratory for polymerase chain reaction (PCR) detection of Leptospira species. However, this laboratory failed to detect Leptospira in the tissue using their PCR test, which was based on the procedure described by Kee et al. 10 To further verify the presence or absence of Leptospira species in this animal, a PCR test was performed using previously described primers designed to detect 7 pathogenic species of Leptospira. 7 DNA from various tissues of the foal was extracted using a commercial kit a according to the manufactur-er's suggested procedures. In brief, ϳ1 g of tissue was homogenized in 5 ml of deoxyribonuclease (DNase)free water using a Stomacher. An aliquot of 160 l of the tissue homogenate was used for DNA extraction, and finally, DNA from each tissue sample was eluted in 200 l of buffer AE of the kit. The PCR was performed using 5 l of the extracted DNA as template and primers G1 (5Ј-CTGAATCGCTGTATAAAAGT-3Ј), G2 (5Ј-GGAAAACAAATGGTCGGAAG-3Ј), B64-I (5Ј-ACTAACTGAGAAACTTCTAC-3Ј), and B64-II (5Ј-TCCTTAAGTCGAACCTATGA-3Ј). Each reaction mixture contained 2.5 l of 10ϫ NovaTaq Optimization buffer, b 2 l of 25 mM MgCl 2 , 2.5 l of 2 mM deoxynucleoside triphosphates, 1 l of a 10 M solution of each of the 4 primers, 0.25 l (0.5 U) of NovaTaq polymerase, b and 9 l of DNase-free water. Genomic DNA of L. interrogans was used as positive control, and water was used as negative control. Primers G1 and G2 amplify a 285-bp fragment from the genomic DNA of 6 pathogenic species of Leptospira (L. interrogans, Leptospira borgpetersenii, Leptospira weilii, Leptospira noguchii, Leptospira santarosai, and Leptospira inadai), whereas primers B64-I and B64-II amplify a 563-bp fragment from the L. kirschneri genome.
DNA amplification was performed in a thermocycler c using the following protocol parameters. Initial denaturing at 94 C for 30 seconds followed by 40 cycles of 94 C for 90 seconds, 55 C for 60 seconds, and 72 C for 120 seconds and a final extension at 72 C for 420 seconds. Ten microliters of the amplified products was separated by electrophoresis on a 1.5% agarose gel, stained with ethidium bromide, and viewed under UV light. As shown in Fig. 1A , a 563-bp fragment was amplified from the DNA extracted from brain, kidney, placenta, and umbilicus tissues but not from lung and liver. As expected, a 285-bp fragment was amplified from the genomic DNA of L. interrogans. The PCR assay with the genomic DNA of L. kirschneri (strain MoskvaV obtained from National Veterinary Service Laboratories, Ames, IA) also resulted in the amplification of a 563-bp fragment (Fig. 1B) .
To further confirm the specificity of the amplified 563-bp fragments from the kidney sample and the L. kirschneri-positive control, the DNA was extracted from the gel and cloned into a pCR2.1 vector, d and the nucleotide sequences of the cloned DNA fragments were determined. The nucleotide sequences of both the amplified 563-bp fragments were completely identical to that of a previously described L. kirschneri DNA fragment containing the sequences of primers B64-I and B64-II. 7 To further confirm that the foal tissues indeed contained L. kirschneri, a 330-bp portion of the 16S ribosomal RNA (rRNA) gene of Leptospira sp. was amplified using previously described common primers LeptoA (5Ј-GGCGGCGCGTCTTAAACATG-3Ј) and LeptoB (5Ј-TTCCCCCCATTGAGCAAGATT-3Ј). 13 The amplified products were cloned in a pCR2.1 vector, and the inserts were sequenced. A BLAST search of all the databases available at the National Center for Biotechnology Information (http:// www.ncbi.nlm.nih.gov) revealed that the amplified product was 100% identical to the corresponding portion of the 16S rRNA gene sequence of L. kirschneri strains M218, M222, M261, M116, 262, and MoskvaV (GenBank accession numbers AY149221, AY149220, AY149219, AY149218, AY149217, and AF157067, respectively). Based on this molecular evidence, it was concluded that the foal was infected with L. kirschneri.
As a follow-up investigation, at 2 months after the premature foaling, the mare's serum was tested by a microagglutination test with serovars grippotyphosa, pomona, hardjo, canicola, icterohemorrhagiae, and bratislava. The mare's serum showed a titer of 1:3,200 against serovar grippotyphosa and a titer of 1:400 against serovar bratislava; no agglutination was detected with other serovars at a serum dilution of 1 in 100. Sera collected from 3 of the other 4 mares on this farm also showed positive titers on the microagglutination test-2 mares had a titer of 1:200 against serovar bratislava and 1 mare had a titer of 1:800 against both serovars bratislava and grippotyphosa. The negative result reported in this case by the other state laboratory suggests that some of the published PCR methods do not detect L. kirschneri. However, Figure 2 . Inability of the PCR assay described by Kee et al. 10 to amplify Leptospira kirschneri DNA present in the foal tissues. Genomic DNA of L. kirschneri and Leptospira interrogans and DNA extracted from the foal's kidney tissue homogenate were used as templates in the PCR reactions. Negative control contained distilled water. The amplified products were separated on a 1% agarose gel, stained with ethidium bromide, and photographed under UV light. Numbers at the right indicate the 100-bp DNA ladder fragment sizes in base pairs. other factors such as inappropriate sample handling and DNA preparation can be responsible for a negative result in any PCR assay. To rule out this possibility, the same PCR assay was performed at the ADDL on the DNA from the foal's kidney sample. The primers and procedures described by Kee et al. 10 were followed, and 5 l of the sample or L. kirschneri-and L. interrogans-positive control DNA was used as template. As shown in Fig. 2 , this PCR assay amplified, as expected, a 247-bp fragment from the L. interrogans-positive control DNA. However, no amplification was detected in the foal's kidney DNA sample and L. kirschneri-positive control DNA, confirming that this PCR assay cannot detect the presence of L. kirschneri DNA. Indeed, in experiments conducted by Kee et al., 10 the primers failed to amplify the specific fragment from the DNA of reference Leptospira strain for serovar grippotyphosa.
Leptospirosis is a well-known cause of equine abortions. 1, [3] [4] [5] [6] 8, 9, 12, 15 This disease should always be included as a differential diagnosis for equine abortion cases. However, in the absence of prominent gross and microscopic lesions, 12 the significance of an infection with Leptospira is unclear. Detection of Leptospira spirochetes or their antigen by silver staining is difficult and nonspecific. A PCR-based test that can detect all known pathogenic, but not saprophytic, species of Leptospira is a useful tool for routine diagnostic testing of equine abortion cases. Several PCR methods for the detection of Leptospira species have been pub-lished. 11 Unfortunately, none of these methods, including the PCR assay used in this study, have been validated for their use in animal disease diagnostics. Although serovar-based information may be useful for clinical or epidemiological purposes, genetic-based information is needed for the successful application of Leptospira PCR methods in diagnostic laboratories. 2 This report demonstrates the presence of L. kirschneri in a premature foal from an Indiana farm with a history of repeated abortions. In some of the previously reported studies, isolation of L. interrogans from aborted equine fetuses has been reported. [3] [4] [5] However, in several studies the characterization of Leptospira was reported only in terms of serovars but not species. 8, 15 Most likely, L. kirschneri was the causative species in cases where serovar grippotyphosa was implicated because all the animal isolates of serovar grippotyphosa belong to this species.
The authors' studies ( Fig. 2) suggest that the negative result reported by the other state laboratory was because of the inability of the PCR assay they used to amplify the L. kirschneri DNA. In view of this finding, it is imperative that diagnostic laboratories using PCR methodology to detect Leptospira species in equine samples should verify if their PCR assay is capable of detecting L. kirschneri also. The authors' preference for the PCR assay described by Gravekamp et al. 7 is mainly based on its ability to detect 7 pathogenic species of Leptospira, and moreover, this PCR assay has been shown to be more specific and sensitive than some other published PCR methods for the detection of pathogenic Leptospira species. 14 Efforts are underway in the authors' laboratories to validate this PCR method for the detection of pathogenic Leptospira in veterinary diagnostic samples.
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